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INTRODUCTION
Despite the implementation of various institutional programs of global or regional coverage for the control of schistosomiasis and the relative success of some of them, especially the control obtained in Japan (Barbosa, 1995) , schistosomiasis continues to spread all over the world. Today, it is one of the most serious public health problems, especially in third world countries (Mott, 1989) , where it is closely associated with irrigation projects and with migratory movements (Dias et al., 1988; World Health Organization, 1993) .
A considerable variety of strategies for vector control have been proposed within the general context of measures for reduction of schistosomiasis. Particularly important among them are the use of synthetic molluscicides such as niclosamide (Barbosa, 1995) , molluscicides of plant origin (Jurberg, 1989; Schall et al., 1998) , and also biological control using competitors and parasites of the mollusks (Paraense, 1987; Capron, 1993; Lardans and Dissous, 1998) .
Biomphalaria glabrata (Say, 1818) has a wide geographic distribution and high susceptibility to Schistosoma mansoni (Sambon, 1907) , thus representing the most important vector of schistosomiasis (Paraense et al., 1983; Teles and Vaz, 1987) . This species also has a considerable degree of intraspecific polymorphism . Therefore, it is important to investigate the genetic variability related to the susceptibility to S. mansoni infection of mollusks, which are vectors of the genus Biomphalaria, both for a better understanding of the epidemiology of schistosomiasis (Paraense an Correa, 1978) and for the understanding of the parasite pathogenesis to its vertebrate host (Dias et al., 1988; ZanottiMagalhães et al., 1991 ZanottiMagalhães et al., , 1993 ZanottiMagalhães et al., , 1997 . Richards and Merritt Jr. (1972) used classical methods of genetic analysis, on the basis of which they proposed that the susceptibility of B. glabrata to S. mansoni infection may be regulated by at least four genes or, as defined by Larson et al. (1996) , may be a polygenic trait. Richards et al. (1992) using classical genetic techniques, proposed that the susceptibility to the infection of B. glabrata by S. mansoni would show distinctive patterns related to the age of the mollusk. Thus, the resulting phenotype would be determined by several genes in the young mollusk and by only one gene in the adult. According to Mascara et al. (1999) , the resistant phenotype would be the outcome of a great number of alleles present in a small number of loci or the outcome of few alleles in multiple loci in "linkage". The resisting phenotype would be the result of an "alteration" (change) in any of these different loci related to the susceptibility phenotype.
A series of molecular biology techniques have been used to study genetic variability in schistosomiasis vectors Schall et al., 1998; Spatz et al., 1999; Janotti-Passos and de Souza, 2000; Knight et al., 2000; Vidigal et al., 2000; Raghavan et al., 2003; Da Silva et al., 2004) .
In this study, we analyzed by random amplified polymorphic DNA-polymerase chain reaction (RAPD-PCR) the genetic variability between two strains (albino and pigmented) of B. glabrata with different degrees of susceptibility to S. mansoni infection.
MATERIAL AND METHODS

Snail strains
Adult B. glabrata snails (albino and pigmented strains) were originally from Belo Horizonte (MG, Brazil). They were maintained in our laboratory under suitable environmental conditions, in glass aquaria containing snail-conditioned water, and they were fed lettuce leaves and calcium carbonate.
DNA extraction
DNA was extracted from the tip of the head foot region of individual snails (albino and pigmented strains), using lysis buffer containing 2% CTAB (Winnepenninckx et al., 1993; Abdel-Hamid et al., 1999) and incubated with proteinase K (2 mg/mL) for 2 h, followed by extraction with phenol, phenol:chloroform (1:1), chloroform:isoamyl alcohol (24:1) and incubation with ribonuclease A (350 mg/mL) (Spada et al., 2002 , Oliveira et al., 2008 . DNA was precipitated by adding isopropanol (2:3, v/v) and leaving overnight at room temperature. After centrifugation, DNA was washed in 75% ethanol and 10 mM ammonium acetate for 30 min and recovered by centrifugation (7700 g) for 10 min at 4°C. The pellet was resuspended in TE (10 mM Tris-HCl, 1 mM EDTA, pH 8.0) and the DNA concentration and purity were determined spectrophotometrically (Spectrophotometer Ultrospec III -Pharmacia, UK) at 260 and 280 nm, and by 2.0% agarose gel electrophoresis using the gel photodocumentation system (EDAS) DC 120 Zoom Digital Camera (Eastman Kodak, NY, USA).
DNA amplification by RAPD-PCR
The RAPD-PCR protocol used here was that described by Spada et al. (2002) , with some modifications. Each individual sample and a pool of 3 individual samples of genomic DNA from snails of both strains of B. glabrata, at a concentration of 2 ng, were amplified in a reaction mixture (10 mL) containing 1 U Taq DNA polymerase (GIBCO-BRL, MD, USA), 1X PCR buffer, 7 pmol of each random primer (10 bases), and 0.2 mM of each dNTP. After DNA denaturation for 5 min at 95°C, amplification consisted of 2 initial cycles of 30 s each at 95°C for denaturation, 2 min at 30°C for primer annealing, and 1 min at 72°C for extension. Thirty-two cycles were then performed with the annealing temperature being increased to 40°C, and the extension period at 72°C was maintained for 5 min in the final cycle. The samples obtained were stored at -20°C.
Among the 10 primers used in this study (Table 1) , the following primers (GIBCO-BRL) 2 (5'-CTGATGCTAC-3'), 4 (5'-AGTGCTACGT-3'), 6 (5'-CAGGCCCTTC-3'), and 7 (5'-GGTCCCTGAC-3') were selected since they detected different markers between the two snail strains. (*) S = 2 a / 2 a + b + c.
Polyacrylamide gel electrophoresis and silver staining
Electrophoresis was performed using an 8% polyacrylamide gel (29/1 acrylamide-bisacrylamide) in TBE buffer (90 mM Tris-borate, 2 mM EDTA, pH 8), and applying a constant current of 60 V. The gels were fixed in a mixture of 10% ethanol and 0.5% acetic acid (v/v) for 15 min and stained with silver nitrate (Santos et al., 1993) .
Analysis of polymorphisms on polyacrylamide gels
The genetic variability of the strains was determined by analysis of the electrophoretic profiles of the bands visualized on the gels, and the similarity coefficient was calculated as described by Dice (1945) .
RESULTS
The amplification experiments using RAPD-PCR with primer 2 (5'-CTGATGCTAC-3'), showed a 5000-bp band in the individual samples and in the pool of samples of the pigmented strain, as shown in Figure 1 . Figure 2 illustrates the results corresponding to the DNA amplification of the albino and pigmented strains of B. glabrata with primer 4. Three polymorphic markers were obtained, where an 8300-bp band was present only in pigmented individuals and two bands of 8100 and 6900 bp were detected only in albino individuals.
Amplification with primer 6 yielded a polymorphic marker, corresponding to a 3700-bp band present only in the melanic strain, as indicated by arrow in Figure 3 .
As shown in Figure 4 , the amplification of genomic DNA of either the albino or pigmented strain with primer 7, revealed a 3800-bp band only detected in the amplified bands of the albino strain. With the other primers, no band was obtained that could unequivocally characterize a polymorphic marker between the albino and pigmented strains.
DISCUSSION
As pointed out by Allegretti (1991) , the pigmented strain is more susceptible to S. mansoni infection than the albino one. The results obtained by this author showed that about 72% of the pigmented strain examined were susceptible, in contrast to the albino strain of which 44.4% showed susceptibility. The author proposed that this phenomenon is under immunological regulation, since the infected pigmented strain shed more cercariae and noticed a high number of hemocytes in the infected albino strain.
Our results are of trials that formed part of screening procedures aimed to identify primers capable of distinguishing susceptibility of albino and melanic strains within B. glabrata species. The previous results obtained by different research groups (Larson et al., 1996; Abdel-Hamid et al., 1999; Spada et al., 2002; Da Silva et al., 2004) indicated that RAPD-PCR was an adequate technique and a good initial approach for distinguishing between closely related individuals in Biomphalaria snails. This methodology emphasizes our interest to determine genetic markers associated with two strains of B. glabrata using different primers.
The 10 primers tested in this study were adopted for having been used in prior studies in which specific polymorphic bands were detected in the snail vector (Biomphalaria) and/or in the parasite, as previously cited (Table 1 ). The results indicate that four of the 10 primers tested, 2, 4, 6, and 7, identified polymorphic markers as shown in Figures 1-4 .
A 3700-bp polymorphic marker, which corresponds to the OPA-01 primer used by Larson et al. (1996) , was obtained with primer 6. This band was detected only in the pigmented strain. Larson et al. (1996) obtained a 400-bp band characteristic of the susceptible strain (M-line) using the OPA-01 primer. This strain, obtained by Newton in 1955, combines the albino phenotype with a high susceptibility to infection with the Porto Rico strain of S. mansoni. The different origins of the M-line strain and of the melanic and albino strains used in the present study may explain the distinct polymorphic bands obtained by amplification with a primer with the same nucleotide sequence.
With primer 7, we obtained a polymorphic band of approximately 3800 bp, which was present only in the albino strain. This primer has the same sequence as the OPA-06 primer used by Larson et al. (1996) , which led to the detection of a 1100-bp band for the susceptible M-line strain. A band of the same molecular weight was obtained with primer 10 for one of the susceptible B. glabrata strains (strain BH) maintained in our laboratory (Spada et al., 2002) . This prompts us to question whether this marker is related to susceptibility in B. glabrata, and whether the 3800-bp band detected in the albino strain is related to resistance, considering that this strain has a low susceptibility to S. mansoni infection. These aspects are currently being studied in our laboratory using crosses and genetic analysis of the descendants resulting from the albino and pigmented strains and from crosses of strains resistant and susceptible to S. mansoni infection.
With the other primers, no specific or distinct polymorphic marker was detected between the two strains under study. It should be pointed out that similar results were obtained by Abdel-Hamid et al. (1999) with the same primer in Biomphalaria tenagophila.
A series of restrictions have been associated with RAPD-PCR procedures, mainly in reference to the generation of artifacts and the excess bands demonstrated in electrophoretic profiles (Riedy et al., 1992; Ellsworth et al., 1993; Matioli and de Brito, 1995) . Matioli and Passos-Bueno (2001) also point out that a limitation of the RAPD technique is the lack of reproducibility in the results, between different laboratories. Nevertheless, the use of RAPD-PCR techniques has been suggested for phylogenetic studies of individuals with narrow taxonomic relation (Rollinson et al., 1998) . The errors of homology due to the use of RAPD may be reduced by an increase in the agarose concentration or by the use of a polyacrylamide gel electrophoresis system. Although some studies have been carried out to define specific markers for susceptibility in B. glabrata by means of isoenzymes and analysis of pigmentation (Mulvey and Vrijenhoek, 1982; Mulvey and Woodruff, 1985) , no marker is available to date that might safely be associated with susceptibility and/or resistance. However, Knight et al. (1999) analyzed F1 and F2 generations and the F1 versus parental backcross progeny through RAPD-PCR. This approach led to the identification of two markers, a 1200-bp band with the OPM-04 primer and a 1100-bp band with the OPZ-11 primer. These markers were found only in non-susceptible strains. This finding gives some support to the hypothesis that markers of segregation may be found in B. glabrata resistant to S. mansoni infection.
Although the studies of genetic variability of B. glabrata strains with different degrees of susceptibility to S. mansoni infection will lead to the development of new strategies for the control of schistosomiasis, as first proposed by Hubendick (1958) and later by others (Rollinson et al., 1998) , they are still a matter of discussion. A series of technical difficulties must be overcome; nevertheless, these studies, as pointed out by Knight et al. (2000) , should contribute to a better understanding of the correlations between vectors, parasites and transmission of the disease.
